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(54) Lock-up control system for vehicle drivetrain with torque converter 



(57) An engine-transmission drivetrain includes a 
torque converter (1 ) between the engine output shaft 
and the transmission. The torque converter (1) includes 
a lock-up clutch. A speed sensor (21 ), which measures 
the rotational speed of the transmission output shaft (5), 
generates a pulse signal. A transmission controller 
(200) includes a deceleration dependent lock-up re- 
lease command generator and a torque converter 
speed dependent lock-up release command generator. 
The pulse signal from the speed sensor (21 ) is used as 
an input to each of the lock-up release command gen- 
erators. In the deceleration dependent one, the pulse 



signal is processed to derive information as to the mag- 
nitude of deceleration which the transmission output 
shaft (5) is subject to. In the torque converter speed de- 
pendent one, the pulse signal is processed to derive in- 
formation as to rotational speed of an output element of 
the torque converter (1). At deceleration with the mag- 
nitude of deceleration greater than or equal to a prede- 
termined reference, the deceleration dependent lock-up 
release command generator gains authority over the 
lock-up release control. At deceleration with the magni- 
tude of deceleration less than the predetermined refer- 
ence, the other release command generator gains au- 
thority over the lock-up release control. 
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Description 

[0001] The present invention relates to a vehicle driv- 
etrain including a torque converter situated between an 
engine and an automatic transmission, and particularly s 
to a lock-up control system tor the drivetrain. 
[0002] In a vehicle drivetrain, a torque converter is sit- 
uated between an engine and' an automatic transmis- 
sion. The automatic transmission may be in the form of 
a continuously variable transmission (CVT). A lock-up 10 
clutch is included in the torque converter to interconnect 
an input element and an output element of the torque 
converter. A lock-up control arrangement includes a 
lock-up control valve and a lock-up solenoid whose duty 
is variable under the control of a transmission controller, is 
[0003] At rapid deceleration, it is needed to release 
the engagement of the lock-up clutch well before the en- 
gine stalls. The transmission controller generates a 
lock-up release command and the lock-up control ar- 
rangement triggers movement of the lock-up control 20 
valve to a lock-up release position in response to the 
lock-up command. 

[0004] JP-A-4-370465 teaches releasing the lock-up 
clutch in response to deceleration, which the transmis- 
sion output shaft is subject to at rapid deceleration. 25 
When the magnitude of deceleration becomes greater 
than a predetermined reference, the transmission con- 
troller generates a lock-up release command. 
[0005] An object of the present invention is to provide 
a lock-up control system for a vehicle drivetrain, which 30 
can generate a lock-up release command at decelera- 
tion with any magnitude of deceleration out of a range 
over all of available magnitudes of deceleration. 
[0005] If the known teaching is employed to accom- 
plish the above-mentioned object, it is found necessary 35 
to set the predetermined reference to a value low 
enough to cope with all available deceleration events. 
Setting the predetermined reference to such a low value 
increases the probability that the predetermined refer- 
ence may be exceeded due mainly to external distur- 40 
bance because a pu Ise signal of a speed sensor is proc- 
essed to determine instantaneous magnitude of decel- 
eration. This might cause undesired release of lock-up 
clutch to resume fuel supply where the fuel-cut opera- 
tion is needed. 45 
[0007] The present invention aims at eliminating this 
problem. 

[0008] According to the present invention, there is 
provided a lock-up control system for a vehicle drivetrain 
with a torque converter situated between an engine and so 
a transmission, the torque converter having an input el- 
ement connected to the engine and an output element 
as a torque delivery element to the transmission, the 
transmission having torque delivery elements including 
an output shaft, the lock-up control system comprising: ss 

a lock-up clutch operative to interconnect the input 
and output elements of the torque converter when 



engaged; 

a lock-up clutch control arrangement operative to 
release said lock-up clutch in response to a lock-up 
release command; 

a deceleration dependent lock-up release com- 
mand generator operative to develop said lock-up 
release command in response to the magnitude of 
deceleration, which one of the torque delivery ele- 
ments of the transmission is subject to; and 
a torque converter speed dependent second lock- 
up release command generator operative to devel- 
op said lock-up release command in response to 
rotational speed of the output element of the torque 
converter. 

BRIEF DESCRIPTION OF THE DRA WINGS 

[0009] Figure 1 is a block diagram showing the rela- 
tionship between controllers, sensors, a torque convert- 
er in a vehicle drivetrain. 

[0010] Figure 2 is a simplified illustration of a lock-up 
clutch control arrangement. 

[0011] Figures 3(a) and 3(b) are a train of pulses of a 
pulse signal of a speed sensor. 

[0012] Figure 4 illustrates the relationship between 
various values of a predetermined reference against 
various magnitudes of calculated deceleration stored in 
a look-up table in a controller memory. 
[0013] Figure 5 is a flow diagram illustrating a control 
routine of the deceleration dependent lock-up release 
command generator. 

[0014] Figure 6 is a flow diagram illustrating a modi- 
fied control routine of the deceleration dependent lock- 
up release command generator. 

[0015] Figure 7 is the train of pulses of the pulse signal 
of the speed sensor. 

[0016] Figure 8 is a flow diagram illustrating a control 
routine of the torque converter speed dependent lock- 
up release command generator. 
[0017] Figure 9 illustrates results of a tensing con- 
ducted to evaluate the torque converter speed depend- 
ent lock-up release command generator. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0018] Referring to the accompanying drawings, a 
torque converter lock-up clutch control system is de- 
scribed. 

[0019] Figure 1 is a simplified illustration of a vehicle 
drivetrain including a torque converter 1 situated be- 
tween an internal combustion engine 3 and an automat- 
ic transmission 4. The torque converter 1 includes, as 
an input element, a pump impeller connected to an out- 
put shaft of the engine 3 and, as an output element, a 
turbine runner connected to a turbine shaft. The turbine 
shaft serves as an input shaft of the transmission 4. The 
transmission 4 includes an output shaft 5 drivingly con- 
nected to the vehicle driving wheels 6. The engine 
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torque is transmitted to the pump impeller. The pump 
impeller accelerates oil inside of the torque converter 1 
towards the turbine runner and the oil at the turbine exit 
is redirected over a stator into the pump impeller, there- 
by achieving a torque multiplication effect. The torque 
is delivered by torque delivery elements of the transmis- 
sion 4 to the transmission output shaft 5. The transmis- 
sion 4 includes ratio control means operative to estab- 
lish various speed ratios between the input shaft and the 
output shaft 5. The transmission 4 may be a continuous- 
ly variable transmission (CVT). The C VT is described in 
US-A-5 697 866, issued to Okahara and assigned to the 
assignee of the present application, which US-A-5 697 
866 is hereby incorporated by reference in its entirety. 
The transmission 4 may be a multiple discrete ratio 
transmission, in which two shift solenoids are activated 
or deactivated to trigger movement of shift valves to es- 
tablish a plurality of speed ratios between the input and 
output shafts. 

[0020] The engine 3 has a throttle valve 8, which 
opens in degrees in response to, manual depression of 
an accelerator or gas pedal 7 by an operator. The engine 
. 3 draws in air via an air cleaner 9 at a flow rate that is 
determined by the throttle opening degree and the en- 
gine speed. The engine 3 has fuel injectors 1 0 arranged 
for cylinders, respectively, and an ignition system 11. A 
microprocessor based engine controller 100 controls 
the fuel injectors 10 and the ignition system 11. The en- 
gine controller 1 00 inputs information based on a sensor 
signal Q from an airflow sensor 12 and a signal I from 
a coasting switch 1 3. The air flow sensor 12 detects in- 
take air flow admitted to the engine cylinders and gen- 
erates the sensor signal indicative of the detected intake 
air flow. The coasting switch 13 is positioned adjacent 
the accelerator pedal 7. The coasting switch 13 is nor- 
mally turned off and turned on only when the accelerator 
pedal 7 is released. Thus, the signal I is at a high level 
when the coasting switch 13 is turned on and a low level 
when it is turned off. 

[0021 ] The engine controller 1 00 processes the input 
information and determines the fuel quantity for injection 
by each of the injectors 10 into the corresponding one 
cylinder in accordance with various operating conditions 
of the engine 3. The engine controller 1 00 has a fuel cut 
control strategy. According to the fuel cut control strat- 
egy, the engine controller suspends supply of fuel to the 
injectors 10 for driving in coast. Based on the various 
kinds of information, the engine controller 100 adjusta- 
bly controls the ignition timing for generation of a spark 
at each spark plug by the ignition system 1 1 in response 
to various operating conditions of the engine 3. Thus, 
the combustion within each of the engine cylinders is 
optimized in response to the engine various operating 
conditions, and the fuel cut operation is conducted in a 
predetermined manner during driving in coast. In re- 
sponse to a drop in engine speed below a predeter- 
mined level during the fuel cut operation, the engine 
controller 100 restores fuel supply to the engine cylin- 



ders, thereby to avoid engine stall. 
[0022] The transmission 4 includes a hydraulic control 
valve assembly 14. Where the transmission 4 is in the 
form of a CVT, the hydraulic control valve assembly in- 
s eludes a first solenoid 15, a second solenoid 16, and a 
lock-up solenoid 17. 

[0023] The first solenoid 1 5, namely a pressure mod- 
ifier solenoid, generates signal pressure applied to a 
pressure modifier valve. Duty of the pressure modifier 
io solenoid 15 is adjusted to alter the magnitude of the sig- 
nal pressure. The pressure modifier valve generates 
modifier pressure variable in response to the signal 
pressure. The modifier pressure is applied to a line pres- 
sure regulator valve. The line pressure regulator valve 
is generates line pressure variable in response to the mod- 
ifier pressure. 

[0024] The second solenoid 16, namely a clutch so- 
lenoid, cooperates with a forward clutch control valve 
and a reverse brake control valve. The forward clutch 
20 control valve controls oil pressure established within a 
forward clutch in response to signal pressure generated 
by the clutch solenoid. The reverse brake control valve 
oil pressure established within a reverse brake. The for- 
ward clutch serves as a torque delivery element to es- 
2 * tablish a forward torque delivery path for forward drive 
through a forward/reverse changeover mechanism that 
is situated between a CVT unit and the torque converter 
1. The reverse brake serves as a torque reaction ele- 
ment to establish a reverse torque delivery path for re- 
30 verse drive through the forward/reverse changeover 
mechanism. Duty of the clutch solenoid 16 is adjusted 
to alter the magnitude of the signal pressure applied to 
the forward clutch and reverse brake control valves. 
[0025] The lock-up solenoid 17 cooperates with a 
3S lock-up control valve. The above-mentioned solenoids 
and valves are described in the incorporated US-A-5 
697 866. 

[0026] Where the transmission 4 is a multiple discrete 
ratio transmission, a hydraulic control valve assembly 
40 includes two shift solenoids 15 and 16 in addition to a 
lock-up solenoid 17. When it is activated, each of the 
solenoids 1 5 and 1 6 triggers movement of its associated 
shift valve in the control valve assembly 1 4 between up- 
shift and downshift positions. 
4 $ [0027] The torque converter 1 includes a lock-up 
clutch 2. Altering duty of the lock-up solenoid 1 7 controls 
the engagement of the lock-up clutch 2. Within a lock- 
up region when the torque multiplication and torque var- 
iation absorption are not demanded on the torque con- 
so verier 1 , the lock-up clutch 2 is engaged. Outside of the 
lock-up region, the lock-up clutch 2 is released. Engage- 
ment of the lock-up clutch 2 causes the torque converter 
1 to take a lock-up state in which the input and output 
elements are interconnected. Release of the lock-up 
5 5 clutch 2 causes the torque converter 1 to take a convert- 
er state in which torque multiplication and torque varia- 
tion absorption effects are provided. 
[0028] Referring to Figure 1 , a transmission controller 
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200 controls the solenoids 15, 16 and the duty D of the 
lock-up solenoid 17. The transmission controller 200 in- 
puts information based on signal I from the coasting 
switch 13, a throttle position signal TH from a throttle 
sensor 18, a pulse signal R, from an impeller speed sen- s 
sor 19, a pulse signal R T from a turbine speed sensor 

20, a pulse signal R from an output shaft speed sensor 

21, and a signal B from a brake switch 23. The throttle 
sensor 18 detects the opening degree of the throttle 
valve 8 and generates throttle position signal TH indie- 10 
ative of the detected throttle opening degrees. The im- 
peller speed sensor 19 detects the rotational speed N, 

of the input element of the torque converter 1 and gen- 
erates pulse signal R, variable with the detected speed 
N|. The turbine speed sensor 20 detects the rotational 1$ 
speed N T ot the input element in the form of a turbine 
shaft of the torque converter 1 and generates pulse sig- 
nal R T variable with the speed N T . The output shaft 
speed sensor 21 , which may be called a vehicle speed 
sensor, delects the rotational speed N Q of the output 20 
shaft 5 and generates pulse signal R variable in with the 
detected speed N Q . The brake switch 23 is turned on 
when a foot brake pedal 22 is depressed and generates 
signal B, which becomes a high level upon depression 
of the brake pedal 22. 2s 
[0029] The transmission controller 200 processes the 
input information and conducts a ratio control in accord- 
ance with a shift schedule. The transmission controller 
200 inputs information as to the throttle opening degree 
and vehicle speed from throttle position signal TH and 30 
pulse signal R in performing a table look-up operation 
of a table data to give an appropriate speed ratio for cur- 
rent operating condition. To alter speed ratio established 
in the transmission 4, the transmission controller 200 al- 
ters a ratio control actuator command. In response to 35 
the ratio control actuator command, the ratio control 
means establish various speed ratios between the input 
and output shaft if the transmission 4 is the C VT. If the 
transmission 4 is the multiple ratio discrete transmis- 
sion, the shift solenoids 15 and 16 are activated or de- 40 
activated in response to the ratio control actuator com- 
mand to conditions the associated shift valves. 
[0030] Based on the various kinds of input informa- 
tion, the transmission controller 200 determines wheth- 
er or not the operation of the torque converter 1 in the 45 
lock-up range is required and alters the duty of the lock- 
up solenoid 17. Adjusting the duty of the lock-up sole-' 
noid 17 conditions the torque converter 1 in the lock-up 
state by engaging the lock-up clutch 2 in the lock-up 
range. so 
[0031] During a shift from the lock-up state toward the 
converter state, the transmission controller 200 gradu- 
ally alters the duty D of the lock-up solenoid 1 7 to es- 
tablish gradual progress into the torque converter state. 
[0032] Figure 2 is a simplified illustration of a lock-up ss 
control system. The lock-up capacity or torque require- 
ment on the lock-up clutch 2 is altered to establish be- 
tween the torque converter input and output elements 



direct drive connection, hydraulic drive connection, and 
transient states. A deviation of lock-up clutch release 
pressure P R from lock-up clutch apply pressure P A de- 
termines the lock-up capacity. 

[0033] This deviation (P A -P R ) is less than a first pre- 
determined value when the lock-up capacity is low 
enough to allow release of the mechanical engagement 
between the input and output elements of the torque 
converter 1 to establish the hydraulic drive connection 
(converter state). The deviation (P A -P R ) is greater than 
a second predetermined value that is greater than the 
first predetermined value when the lock-up capacity 
high enough to allow mechanical engagement between 
the input and output elements of the torque converter 1 
to establish the direct drive connection (lock-up state). 
[0034] A lock-up control valve V 17 is illustrated in di- 
agram. This lock-up control valve is described in the in- 
corporated US-A 5 697 866. Positioning the lock-up con- 
trol valve V 17 at various positions determines the devi- 
ation (P a -Pr). The lock-up control valve V 17 is subject 
to a lock-up clutch apply pressure P A , a bias force due 
to a spring S 17 for movement in one direction. Further, 
it is subject to a lock-up clutch release pressure P R and 
a pressure Ps generated by the lock-up solenoid 17 for 
movement in the opposite direction. 
[0035] Referring to Figures 3(a), 3(b), 4, and 7, the 
preferred implementation of the present invention is de- 
scribed. This implementation includes a speed sensor 
arranged to measure rotational speed of a torque deliv- 
ery element situated between the torque converter 1 
and the vehicle driving wheels 6. The transmission out- 
put shaft 5 and the turbine shaft are examples of the 
torque delivery element. 

[0036] According to the preferred implementation of 
the present invention, the pulse signal R from the speed 
sensor 21 (see Figure 1 ) is used as an input to a decel- 
eration dependent lock-up release command generator 
and also to a torque converter speed dependent lock- 
up release command generator. 
[0037] At rapid deceleration initiated by depression of 
foot brake pedal 22, the deceleration dependent lock- 
up release command generator is triggered to deter- 
mine the current magnitude of deceleration, which the 
output shaft 5 is subject to. The deceleration dependent 
lock-up release command generator repeats calculation 
of a period T(3)n or T(2)n. Referring to Figure 3(a), the 
period T(3)n is the time from the start ^ of one pulse to 
the start t n _ 3 of two before the last pulse in a train of the 
pulse signal. Referring to Figure 3(b), the period T(2)n 
is the time from the start ^ of one pulse to the start t^ 
of one before the last pulse in a train of the pulse signal. 
The calculated values of the period T(3)n or T{2)n are 
used in estimating the current magnitude of decelera- 
tion, which the transmission output shaft 5 is subject to. 
Tho dQcoloration dependent lock-up release command 
generator calculates a difference T* by subtracting from 
the calculated value T(3)n of one period the calculated 
value T(3)n-6 of five before the last period in a train as 
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shown in Figure 3(a). Alternatively, the difference T* 
may be calculated by subtracting from the calculated 
value T(2)n of one period the calculated value T(2)n-2 
of one before the last period in a train as shown in Figure 
3(b). ~ 5 

[0038] The deceleration dependent lock-up release 
command generator determines whether or not the cal- 
culated value of the difference T* is greater than a ref- 
erence T 0 . The reference T 0 is updated whenever the 
calculation of the period T(3)n or T(2)n has been made, to 
The interrogation is repeated whenever the calculation 
of the difference T* has been made. 
[0039] The deceleration dependent lock-up release 
command generator includes a counter CNT that is sub- 
ject to increment whenever it is determined that the cal- 1B 
culated value of the difference T* is greater than or equal 
to the reference T 0 . When the counter CNT becomes 
equal to or greater than a predetermined number CNT 0> 
the deceleration dependent lock-up release command 
generator develops a deceleration dependent lock-up 20 
release command. The counter CNT is subject to dec- 
rement whenever it is determined that the calculated 
value of the difference T* is less than the predetermined 
number CNT 0 . 

[0040] The deceleration dependent lock-up release 25 
command generator includes a look-up table containing 
various values of the reference T 0 against various val- 
ues of the period T(3)n or T(2)n as illustrated in Figure 
4. The deceleration dependent lock-up release com- 
mand generator performs a table look-up operation of 30 
Figure 4 whenever the calculation of the value of the 
period T(3)n or T(2)n is made to determine the value of 
the reference T 0 for the newly calculated value of the 
period T(3)n or T(2)n. 

[0041] At rapid deceleration initiated by depression of 3s 
foot brake pedal 22 to turn the brake switch 23 on, the 
torque converter speed dependent lock-up release 
command generator is triggered to determine the cur- 
rent magnitude of rotational speed of the output shaft 5. 
The torque converter speed dependent lock-up release 40 
command generator repeats calculation of a period T(1) 
n. Referring to Figure 7, the period T(1 )n is the timefrom 
the start t n of one pulse to the start t^ of the last pulse 
in a train of the pulse signal R from the speed sensor 
21. The calculated value of the period T(1)n is used in 45 
estimating a period Ttn. The period Ttn is the time from 
the start of one pulse to the start of the last pulse in a 
train of the pulse signal R T from the turbine speed sen- 
sor 20 (see Figure 1). The turbine speed sensor 20 is 
arranged to measure the rotational speed of the output so 
element of the torque converter 1 . This estimation can 
be carried out using a current speed ratio i established 
in the transmission by calculating the formula Ttn = T(1) 
n/i. 

[0042] The puis© signal from the turbine speed sensor ss 
20 may be used as the input to the torque converter 
speed dependent lock-up release command generator 
In this case, the above-mentioned estimation process is 



not needed. 

[0043] The deceleration dependent lock-up release 
command generator determines whether or not the pe- 
riod Ttn is greater than or equal to a reference TtQ. The 
interrogation is repeated whenever the calculation of the 
period Ttn has been made. 

[0044] The torque converter speed dependent lock- 
up release command generator includes a counter N 
that is subject to increment whenever it is determined 
that the calculated value of the period Ttn is greater than 
or equal to the reference Tt 0 . When the counter N be- 
comes equal to or greater than a predetermined number 
n, the torque converter speed dependent lock-up re- 
lease command generator develops a torque converter 
speed dependent lock-up release command. The coun- 
ter N is cleared whenever it is determined that the cal- 
culated value of the difference Ttn is less than the pre- 
determined number n. 

[0045] Figure 9 shows results of testing that was con- 
ducted to evaluate the performance of the torque con- 
verter speed dependent lock-up release command gen- 
erator under different deceleration conditions with differ- 
ent magnitudes of deceleration. Under each of the dif- 
ferent deceleration conditions, the time was measured 
from the start of application of the foot brake pedal 22 
to the completion of increasing the content of counter N 
by the predetermined number n. These measurement 
results are plotted and interconnected by the broken line 
A in Figure 9. Under each of the different deceleration 
conditions, the time was measured from the start of ap- 
plication of the foot brake 22 to the release of the lock- 
up clutch 1 . These measurement results are plotted and 
interconnected by one-dot chain line B in Figure 9. Un- 
der each of the different deceleration conditions, the 
time was measured from the start of application of the 
foot brake pedal 22 to the instance when the turbine 
speed N T has been forced to drop down to a predeter- 
mined speed at which the engine will stall. These meas- 
urement results are plotted and interconnected by the 
fully drawn line C in Figure 9. Comparing the one-dot 
chain line B with the fully drawn line C reveals that the 
torque converter speed dependent lock-up release 
command generatorcan release the lock-up clutch 1 be- 
fore the engine stalls if the magnitude of deceleration is 
less than G x . In Figure 9, the two-dot chain line X indi- 
cating GX divides the horizontal axis where various 
magnitudes of deceleration are arranged into two re- 
gions. The first region extends from the two-dot chain 
line X in the direction of an arrow . The second region 
extends from the two-dot chain line X in the direction of 
an arrow X 2 . Accordingly, the torque converter speed 
dependent lock-up release command generator should 
gain authority over the lock-up release in the first region 
X n of deceleration, while the deceleration dependent 
lock-up release generator should gain authority over the 
lock-up release in the second region X 2 of deceleration. 
The setting of the magnitudes of reference T 0 are set 
sufficiently high enough for the deceleration dependent 
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lock-up release command generator to gain authority 
over the lock-up release in the second region X 2 of de- 
celeration. 

[0046] The flow diagram of Figure 5 illustrates a de- 
celeration dependent lock-up release control routine of 
the preferred implementation of the present invention. 
Interruption by the leading edge or the start of each 
pulse in a train of the pulse signal R of the speed sensor 
21 initiates execution of this control routine. 
[0047] At an interrogation step 202, the transmission 
controller 200 determines whether or not the input infor- 
mation from the brake signal B indicates that the brake 
switch 23 is turned on. If the interrogation at step 202 
results in negative, the control routine comes to an end. 
If the interrogation at step 202 results in affirmative, the 
control routine proceeds to the next step 204. The pro- 
vision of this interrogation step 202 is advantageous in 
saving the time required for execution of the routine 
while the foot brake 22 is not depressed and the brake 
switch 23 is turned off. If desired, this interrogation step 
202 may be removed from the control routine. 
[0048] In the next step 204, the transmission control- 
. ler 200 inputs time to determine the start of a current 
pulse t n in a train of the pulse signal R, see Figure 3(a), 
and stores the result at the most significant location, 
namely t n , in a first shift register. The first shift register 
has, in addition to the most significant location t n , three 
less significant locations, namely t n .-,, t n _ 2 : and t^ and 
can shift to the right in the direction from the most sig- 
nificant location t„ toward the least significant location 
t n . 3 . Storing new data into the most significant location 
t n causes movement of the stored data to the adjacent 
locations and causes the stored data at the least signif- 
icant location t n _ 3 to overflow. 

[0049] In step 206, the transmission controller 200 in- 
puts the stored data at the location t n _ 3 in the first shift 
register. In step 208, the transmission controller 200 
subtracts the input data t n _ 3 from the input data t n to store 
the result at the most significant location, namely T(3)n, 
in a second shift register. The second shift register has, 
in addition to the most significant location T(3)n, six less 
significant locations, namely T(3)n-1 , T(3)n-2, T(3)n-3, 
T(3)n-4, T(3)n-5, and T(3)n-6, and can shift to the right 
in the direction from the most significant location T(3)n 
toward the least significant location T(3)n-6 Storing new 
data into the most significant location T(3)n causes 
movement of the stored data to the adjacent locations 
and causes the stored data at the least significant loca- 
tion T(3)n-6 to overflow. 

[0050] In step 21 0, the transmission controller 200 in- 
puts the stored data at the location T(3)n-6 in the second 
shift register. In step 212, the transmission controller 
200 subtracts the input data T(3)n-6 from the input data 
T(3)n to store the result as T*. 

[0O51] In interrogation et©p 214, the transmission 
controller 200 determines whether or not the data T* is 
greater than or equal to a reference T 0 . If the interroga- 
tion in step 214 results in affirmative, the routine pro- 



ceeds to step 21 6. If the interrogation in step 214 results 
in negative, the routine proceeds to another interroga- 
tion step 224. 

[0052] In step 216. the transmission controller 200 in- 
creases the content of counter CNT by one. In the next 
interrogation step 218, the transmission controller 200 
determines whether or not the content of counter CNT 
is greater than or equal to a predetermined number 
CNT 0 . if the interrogation in step 218 results in affirma- 
tive, the transmission controller 200 outputs a lock-up 
release command in step 220. In the next step 222, the 
transmission controller 200 performs a table look-up op- 
eration of Figure 4 using the data T(3)n to update the 
reference T 0 . If the interrogation in step 218 results in 
negative, the routine proceeds to step 222 for the trans- 
mission controller 200 to update the reference T 0 . 
[0053] The transmission controller 200 decreases the 
content of counter CNT by one if the interrogation in step 
214 results in negative. If the interrogation in step 214 
is negative, the transmission controller 200 determines, 
in step 224, whether or not the content of counter CNT 
is equal to zero. If, in step 224, the content of the counter 
CNT is zero, the control routine proceeds to step 222. 
If, in step 224, the content of counter CNT is not equal 
2* to zero, the transmission controller 200 decreases, in 
step 226, the content of counter CNT by one. In the next 
interrogation step 228, the transmission controller 200 
determines whether or not the content of counter CNT 
is greater than or equal to zero. If the interrogation in 
30 step 228 results in affirmative, the routine proceeds to 
step 222. If the interrogation in step 228 results in neg- 
ative, the transmission controller 200 sets the content 
of counter CNT equal to zero. After step 230, the routine 
proceeds to step 222. The routine comes to an end after 
35 performing the table look-up operation in step 222. 
[0054] From the preceding description, it is under- 
stood that the data T* is proportional to the magnitude 
of deceleration, which the output shaft 5 is subject to. 
[0055] The steps 21 4, 21 6, 21 8, and 220 clearly indi- 
40 cates that the output of lock-up release command is pre- 
vented until the content of counter CNT becomes equal 
to or greater than the predetermined number CNT 0 . This 
arrangement is effective in preventing the output of lock- 
up release command caused due to error in detecting 
45 the magnitude of deceleration induced by the external 
disturbance derived from lag in the drivetrain and/or ir- 
regular road surface. 

[0056] The flow diagram of Figu re 6 illustrates a mod- 
ification of the control routine illustrated in Figure 5. The 
50 modified control routine of Figure 6 is substantially the 
same as the control routine of Figure 5 except the pro- 
vision of modified steps 204A, 206 A, 208A, 21 OA, 21 2A, 
and 222A instead of the steps 204, 206, 208, 210, 212, 
and 222. 

55 [0057] In Figure 6, in step 204 A, the transmission con- 
troller 200 inputs time to determine the start of a current 
pulse t n in a train of the pulse signal R, see Figure 3(b), 
and stores the result at the most significant location, 
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namely t n> in a first shift register. The first shift register 
has, in addition to the most significant location t„, two 
less significant locations, namely t n0 and t n _ 2 , and can 
shift to the right in the direction from the most significant 
location t n toward the least significant location t n . 2 . Stor- 
ing new data into the most significant location t„ causes 
movement of the stored data to the adjacent locations 
and causes the stored data at the least significant loca- 
tion t n _ 2 to overflow. 

[0058] In step 206A, the transmission controller 200 
inputs the stored data at the location t n . 2 in the first shift 
register. In step 208A, the transmission controller 200 
subtracts the input data t n _ 2 from the input data t n to store 
the result at the most significant location, namely T(2)n, 
in a second shift register. The second shift register has, 
in addition to the most significant location T(2)n, two less 
significant locations, namely T(2)n-1 and T(2)n-2, and 
can shift to the right in the direction from the most sig- 
nificant location T(2)n toward the least significant loca- 
tion T(2)n-2 Storing new data into the most significant 
location T(2)n causes movement of the stored data to 
the adjacent locations and causes the stored data at the 
least significant location T(2)n-2 to overflow. 
[0059] In step 21 OA, the transmission controller 200 
inputs the stored data at the location T(2)n-2 in the sec- 
ond shift register. In step 21 2A, the transmission con- 
troller 200 subtracts the input data T(2)n-2 from the input 
data T(2)n to store the result as T*. 
[0060] The routine proceeds to steps 214, 216, 218, 
and 220. After step 220, 224, 228, or 230. the routine 
proceeds to step 222A. In step 222A, the transmission 
controller 200 performs a table look-up operation of Fig- 
ure 4 using the data T(2)n to update the reference T 0 . 
[0061] The flow diagram of Figure 8 illustrates a 
torque converter speed dependent lock-up release con- 
trol routine of the preferred implementation of the 
present invention. Interruption by the leading edge or 
the start of each pulse in a train of the pulse signal R of 
the speed sensor 21 initiates execution of this control 
routine. 

[0062] At an interrogation step 302, the transmission 
controller 200 determines whether or not the input infor- 
mation from the brake signal B indicates that the brake 
switch 23 is turned on. If the interrogation at step 302 
results in negative, the control routine comes to an end. 
If the interrogation at step 302 results in affirmative, the 
control routine proceeds to the next step 304. The pro- 
vision of this interrogation step 202 is advantageous in 
saving the time required for execution of the routine 
while the foot brake pedal 22 is not depressed and the 
brake switch 23 is turned off. If desired, this interrogation 
step 302 may be removed from the control routine. 
[0063] At the next interrogation step 302, the trans- 
mission controller 200 determines whether or not the 
lock-up clutch 1 is in full engagement or in slip engage- 
ment after inputting information as to the duty D of the 
lock-up solenoid. If the interrogation in step 304 results 
in affirmative, the routine proceeds to step 306. If the 



interrogation in step 304 results in negative, the routine 
comes to an end. 

[0064] In step 306, the transmission controller 200 in- 
puts time to determine the start of a current pulse t n in 
& a train of the pulse signal R see Figure 7, and stores 
the result at the most significant location, namely t n , in 
a third shift register. The third shift register has, in addi- 
tion to the most significant location t n: one less signifi- 
cant location, namely t n .,, and can shift to the right in 
io the direction from the most significant location t„ toward 
the least significant location t n _., . Storing new data into 
the most significant location t n causes movement of the 
stored data to the least significant location and causes 
the stored data at the least significant location t n0 to 
75 overflow. 

[0065] In step 308, the transmission controller 200 in- 
puts the stored data at the location in the third shift 
register. In step 310, the transmission controller 200 in- 
puts current speed ratio i established in the transmission 
20 4. In step 31 2, the transmission controller 200 subtracts 
the input data t^ from the input data t n to store the result 
asT(1)n. 

[0066] In step 314, the transmission controller 200 di- 
vides the data T(1)n by the speed ratio i to store the 
25 result as Ttn. The data Ttn is indicative of a period that 
is the time from the start of one pulse to the start of the 
last pulse in a train of the pulse signal Rj of the turbine 
speed sensor 20 (see Figure 1). 

[0067] In step 31 6, the transmission controller 200 de- 
30 termines whether the period Ttn is greater than or equal 
to a reference Tt 0 . If the interrogation in step 316 results 
in affirmative, the transmission controller 200 increases, 
in step 318, the content of counter N by one. In the next 
step 320, the transmission controller 200 determines 
35 whether or not the content of counter N is greater than 
or equal to a predetermined number n. If the interroga- 
tion in step 316 results in negative, the transmission 
controller sets, in step 324, the content ot counter N 
equal to zero. 

40 [0068] If the interrogation in step 320 results in affirm- 
ative, the transmission controller 200 outputs lock-up re- 
lease command in step 322. 

[0069] After the negative flow of the step 320, step 
322, or step 324, the routine comes to an end. 
45 [0070] From the preceding description of the pre- 
ferred implementation of the present invention, it is now 
be understood that the deceleration dependent lock-up 
release command generator develops the lock-up re- 
lease command in response to the magnitude of decel- 
50 eration, which the output shaft 5 of the transmission 4 
is subject to. It is also understood that the torque con- 
verter speed dependent second lock-up release com- 
mand generator develops the lock-up release command 
in response to rotational speed of the output element of 
55 the torque converter 1 . 

[0071] Referring to Figure 9, it will now be seen that 
the deceleration dependent lock-up release command 
generator gains authority to take over the lock-up re- 
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lease control when the magnitude of deceleration is 
greater than or equal to a predetermined magnitude G x . 
The torque converter speed dependent lock-up release 
command generator gains authority to take over the 
lock-up release control when the magnitude of deceler- 
ation is less than the predetermined magnitude G x . 
[0072] The content of disclosure of Japanese Patent 
Application No. 10-46772 (filed February 27, 1998) is 
hereby incorporated by reference in its entirety. 
[0073] The above-described implementation of the 
present invention is an example implementation. More- 
over various modifications to the present invention may 
occur to those skilled in the art and will fall within the 
scope of the present invention as set forth below 



Claims 

1. A lock-up control system for a vehicle drivetrain with 
a torque converter situated between an engine and 
a transmission, the torque converter having an input 
element connected to the engine and an output el- 
ement as a torque delivery element to the transmis- 
sion, the transmission having torque delivery ele- 
ments including an output shaft : the lock-up control 
system comprising: 

a lock-up clutch operative to interconnect the 
input and output elements of the torque con- 
verter when engaged; 

a lock-up clutch control arrangement operative 
to release said lock-up clutch in response to a 
lock-up release command; 
a deceleration dependent lock-up release com- 
mand generator operative to develop said lock- 
up release command in response to the mag- 
nitude of deceleration, which one of the torque 
delivery elements of the transmission is subject 
to; and 

a torque converter speed dependent second 
lock-up release command generator operative 
to develop said lock-up release command in re- 
sponse to rotational speed of the output ele- 
ment of the torque converter. 



10 



2. The lock-up control system as claimed in claim 1 , 
further comprising: 

a brake sensor generating a brake signal in re- 
sponse to operator depression of a foot brake 
pedal; 

wherein at least one of said lock-up release 
command generators are selectively rendered 
inoperative in response to said brake signal. 

3. The lock-up control system as claimed in claim 1 , 
wherein said torque converter speed dependent 
generator includes a counter, which is triggered to 
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45 7. 



50 
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increase the content thereof by one whenever rota- 
tional speed of the output element of the torquecon- 
verter is greater than or equal to a predetermined 
reference, and generates said lock-up release com- 
mand when the content of said counter is greater 
than or equal to a predetermined number. 

The lock-up control system as claimed in claim 1, 
further comprising: 

a speed sensor generating a pulse signal in re- 
sponse to rotation of the output shaft of the 
transmission; 
wherein 

said deceleration dependent lock-up release 
command generator is operative to input infor- 
mation as to rotational speed of the output shaft 
from said pulse signal. 

The lock-up control system as claimed in claim 1, 
further comprising: 

a speed sensor generating a pulse signal in re- 
sponse to rotation of a predetermined one of 
the torque delivery elements; 
wherein 

said torque converter speed dependent lock-up 
release command generator is operative to in- 
put information as to rotational speed of the 
predetermined one torque delivery element 
from said pulse signal. 

The lock-up control system as claimed in claim 1, 
further comprising: 

a speed sensor generating a pulse signal in re- 
sponse to rotation of the output shaft of the 
transmission; 
wherein 

said deceleration dependent and torque con- 
verter dependent lock-up release command 
generators input information as to rotational 
speed of the output shaft from said pulse signal. 

The lock-up control system as claimed in claim 1, 
wherein 

said deceleration dependent lock-up release 
command generator is operative to calculate 
the instantaneous magnitude of deceleration at 
intervals and determine the value of a prede- 
termined reference as a predetermined func- 
tion of the calculated instantaneous magnitude 
of deceleration upon calculation of the instan- 
taneous magnitude of deceleration; and 
said deceleration dependent lock-up release 
. command generator is operative to determine 
whether or not the calculated instantaneous 
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magnitude of deceleration is greater than or 
equal to said predetermined reference. 

The lock-up control system as claimed in claim 7, 
wherein 

said deceleration dependent lock-up release 
command generator includes a counter, which is 
triggered to increase the content thereof by one 
whenever it is determined that the calculated in- 
stantaneous magnitude of deceleration is greater 
than or equal to said predetermined reference. 

The lock-up control system as claimed in claim 8, 
wherein 

said deceleration dependent lock-up release 
command generator is operative to generate said 
lock-up release command when the content of said 
counter is greater than or equal to a predetermined 
number. 

The lock-up control system as claimed in claim 6, 
wherein 

said torque converter speed dependent lock- 
up release command generator is operative to input 
information as to current speed ratio established in 
the transmission and calculate rotational speed of 
the output element of the torque converter from the 
rotational speed of the output shaft and the current 
speed ratio. 

The lock-up control system as claimed in claim 10, 
wherein 
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pulse signal. 

The lock-up control system as claimed in claim 6, 
wherein 

said deceleration dependent lock-up release 
command generator is operative to calculate, as a 
period, the time from the start of one pulse to the 
start of one before the last pulse in a train of said 
pulse signal. 

The lock-up control system as claimed in claim 6, 
wherein 

said torque converter speed dependent lock- 
up release command generator is operative to cal- 
culate, as a period, the time from the start of one 
pulse to the start of the last pulse in a train of said 
pulse signal. 

The lock-up control system as claimed in claim 12, 
wherein 

said deceleration dependent lock-up release 
command generator is operative to calculate, as the 
magnitude of deceleration, a difference between 
the current period and the preceding period before 
the last period. 



30 



said torque converter speed dependent lock-up 
release command generator is operative to de- 35 
termine, at intervals, whether or not the rota- 
tional speed of the output element of the torque 
converter is greater than or equal to a prede- 
termined reference; 

said torque converter speed dependent lock-up 40 
release command generator includes a coun- 
ter, which is triggered to increase the content 
thereof by one whenever it is determined that 
the rotational speed of the output element of the 
torque converter is greater than or equal to a 46 
predetermined reference; and 
said torque converter speed dependent lock-up 
release command generator is operative to 
generate said lock-up release command when 
the content of said counter is greater than or 60 
equal to a predetermined number. 

12. The lock-up control system as claimed in claim 6, 
wherein 

said deceleration dependent lock-up reloaso ss 
command generator is operative to calculate, as a 
period, the time from the start of one pulse to the 
start of two before the last pulse in a train of said 



16. The lock-up control system as claimed in claim 1 5, 
wherein 

said deceleration dependent lock-up release 
command generator includes a look-up table 
containing various values of said predeter- 
mined reference against various values of said 
period; and 

said deceleration dependent lock-up release 
command generator is operative to perform a 
table look-up operation of said look-up table us- 
ing the period upon being calculated to update 
said predetermined reference. 

17. The lock-up control system as claimed in claim 1 6, 
wherein 

said deceleration dependent lock-up release 
command generator is operative to determine 
whether said difference between the current period 
and the preceding period before the last is greater 
than or equal to said predetermined reference. 

18. A lock-up control system for a vehicle drivetrain with 
a torque converter situated between an engine and 
a transmission, the torque converter having an input 
element connected to the engine and an output el- 
ement as a torque delivery element to the transmis- 
sion, the transmission having torque delivery ele- 
ments including an output shaft, the lock-up control 
system comprising: 

a lock-up clutch operative to interconnect the • 
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input and output elements of the torque con- 
verter when engaged; 

a lock-up clutch control arrangement operative 
to release said lock-up clutch in response to a 
lock-up release command; s 
a deceleration dependent lock-up release com- 
mand generator operative, upon gaining au- 
thority over the lock-up release control : to de- 
velop said lock-up release command in re- 
sponse to the magnitude of deceleration, which 10 
one of the torque delivery elements of the trans- 
mission is subject to; and 
a torque converter speed dependent second 
lock-up release command generator operative, 
upon gaining authority overthe lock-up release is 
control, to develop said lock-up release com- 
mand in response to rotational speed of the out- 
put element of the torque converter, 
wherein sard deceleration dependent lock-up 
release command generator gains authority to 20 
take overthe lock-up release control when the 
magnitude of deceleration is greater than or 
equal to a predetermined magnitude, and said 
torque converter speed dependent lock-up re- 
lease command generator gains authority to 2s 
take over the lock-up release control when the 
magnitude of deceleration is less than said pre- 
determined magnitude. 
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Lock-up control system for vehicle drivetrain with torque converter 



(57) An engine-transmission drivetrain includes a 
torque converter (1) between the engine output shaft 
and the transmission. The torque converter (1) includes 
a lock-up clutch. A speed sensor (21 ), which measures 
the rotational speed of the transmission output shaft (5), 
generates a pulse signal. A transmission controller 
(200) includes a deceleration dependent lock-up re- 
lease command generator and a torque converter 
speed dependent lock-up release command generator. 
The pulse signal from the speed sensor (21 ) is used as 
an input to each of the lock-up release command gen- 
erators. In the deceleration dependent one, the pulse 



signal is processed to derive information as to the mag- 
nitude of deceleration which the transmission output 
shaft (5) is subject to. In the torque converter speed de- 
pendent one, the pulse signal is processed to derive in- 
formation as to rotational speed of an output element of 
the torque converter (1 ). At deceleration with the mag- 
nitude of deceleration greater than or equal to a prede- 
termined reference, the deceleration dependent lock-up 
release command generator gains authority over the 
lock-up release control. At deceleration with the magni- 
tude of deceleration less than the predetermined refer- 
ence, the other release command generator gains au- 
thority over the lock-up release control. 
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